Introduction
The use of Schiff bases in coordination chemistry has developed molecular materials with specific properties [1] [2] [3] [4] [5] . Catalysis, [6, 7] optics [8, 9] and molecular magnetism [10, 11] has seen spectacular development in recent years through the use of Schiff bases complexes. A thorough review of the literature allowed us to see that a number of metal transition complexes [12] [13] [14] [15] from Schiff base derived from 2-hydrazino pyridine were reported while very few rare earth complex [16] was released from this kind of ligand. In fact the ligand 1-(pyridin-2-yl)-2-(pyridin-2-ylmethylene)-hydrazine was used to synthesize a unique yttrium [16] complex. The acetate anion is very interesting as co-ligand because of its versality. The acetate anion can have several modes of coordination because of the four coordination sites due to the two electronic pairs per oxygen atom of the carboxylate group. This ability allows the acetate group to coordinate with one, two or three metal centers, allowing the formation of polymer coordination compounds [17, 18] .
In this paper, the 1-(pyridin-2-yl)-2-(pyridin-2-ylmethylene)-hydrazine ligand is used for synthesizing mononuclear lanthanide complexes using acetate anion as co-ligand. 
Experimental

Materials and physical methods
Commercially available 2-hydrazinopyridine, 2-pyridine carbaldehyde and 2,2-diphenyl-1-picrylhydrazyl (DPPH • ) were purchased from Aldrich and used without further purification. The analyses for carbon, hydrogen and nitrogen were carried out using a LECO CHNS-932 instrument. The IR spectra were recorded as KBr discs on a Bruker IFS-66 V spectrophotometer (4000-400 cm -1 ). The molar conductance of 1×10 -3 M solutions of the metal complexes in dimethylformamide (DMF) was measured at 25 °C using a WTW LF-330 conductivity meter with a WTW conductivity cell. Room temperature magnetic susceptibilities of the powdered samples were measured using a Johnson Matthey scientific magnetic susceptibility balance (Calibrant: Hg[Co(SCN)4]). The 1 H and 13 C NMR spectra of the Schiff bases were recorded in DMSO-d6 on a Bruker 250 MHz spectrometer at room temperature using TMS as internal reference. UV-VIS spectra were recorded in methanol solution concentration of 1×10 -3 M at 25 °C and wavelength was reported in nm using a JENWAY 6505 UV/VIS spectrophotometer.
Synthesis
Synthesis of HL
The Schiff base ligand 1-(pyridin-2-yl)-2-(pyridine-2-ylmethylene)hydrazine (HL) was synthesized as follow: 2-hydrazinopyridine (1.0913 g, 10 mmol) in 20 mL of ethanol was added to a solution of 2-pyridinecarbaldehyde (1.0711 g, 10 mmol) dissolved in 25 mL of ethanol. The resulting mixture was stirred under reflux during 30 min. After cooling, the solution was completed to 100 mL with ethanol and store in the refrigerator. 10 mL of this solution was evaporated to dryness and the NMR spectrum of the resulting liquid was recorded. 
1-(Pyridin-2-yl)-2-(pyridin-2-ylmethylene)-hydrazine
Antioxidant activities
The methanol solution of 3.9 mL DPPH • (40 mg/L) was added to test compounds (100 µL) at different concentrations. The mixture was shaken vigorously and incubated in dark for 30 min at room temperature. After the incubation time, the absorbance of the solution was measured at 517 nm by using JENWAY 6505 UV/VIS spectrophotometer. The DPPH • radical scavenger effect was calculated using the following equation: Scavenging activity (% control) = [(Acontrol -Asample)/Acontrol ]×100 where Acontrol is the absorbance of the control reaction and Asample is the absorbance of the test compound. Tests were carried out in triplicate. Ascorbic acid (AA) was used as positive control.
Crystal structure determination
Details of the X-rays crystal structure solution and refinement are given in Table 1 . Diffraction data were collected using an ENRAF NONIUS Kappa CCD diffractometer with graphite monochromatized MoKα radiation ( = 0.71073 Å). All data were corrected for Lorentz and polarization effects. No absorption correction was applied. Complex scattering factors were taken from the program package SHELXTL [19] . The structures were solved by direct methods which revealed the position of all non-hydrogen atoms. All the structures were refined on F 2 by a full-matrix least-squares procedure using anisotropic displacement parameters for all non-hydrogen atoms [20] . The hydrogen atoms of water molecules and NH groups were located in the Fourier difference maps and refined. Others H atoms (CH and CH3 groups) were geometrically optimized and refined as riding model by AFIX instructtions. Molecular graphics were generated using ORTEP-3 [21] .
Results and discussion
General studies
The ligand HL was prepared by a facile condensation of 2-hydrazinopyridine and 2-pyridine carboxaldehyde in ethanol (Scheme 1). The lanthanide complexes were synthesized by mixing ligand solution with lanthanide nitrate hexahydrate and sodium acetate in a molar ratio 1:1:3. The afforded compounds are soluble in polar organic solvent such as methanol or DMSO. Elemental analyses gives result in agreement with the chemical formulae obtained from X-ray diffraction study. The complexes behave as 1:1 electrolyte in DMF with ΛM values (89 Ω -1 .cm 2 .mol -1 for complex Y 3+ and 70 Ω -1 .cm 2 .mol -1 for complex Er 3+ ) lying in the region reported for 1:1 electrolyte (70-90 Ω -1 .cm 2 .mol -1 ) in DMF [22] . Complex Y 3+ is diamagnetic in nature while complex Er 3+ shows paramagnetic property with μeff value of 9.52 μB. This value is in close proximity to the value for the free Er 3+ ion reported by Van Vleck and Frank [23] . The ligand field does not affect the magnetic moment of the Er in the complex indicating no involvement of the 4-f electrons in the coordination. In the infrared spectra of the lanthanide complexes absorption bands pointed in the region 1600-1610 cm -1 are assigned to the ν(C=N-NH) vibration which can be comparable to the vibration of the ν(C=N-NH) in the free ligand expected at ca. 1630 cm -1 . The coordination of the ligand via the azomethine nitrogen atom results in the decrease of the stretching force constant of the C=N moiety. Thus the frequency of the vibration of the C=N moiety decreases upon coordination as observed in both spectra of complexes. The presence of broad band of medium intensity at ca. 3180 cm -1 and a sharp band at ca. 828 cm −1 are due to the coordinated water molecule [24] . Characteristic strong and sharp band which is attributable to uncoordinated NO3 -ion is observed at 1363 cm -1 for complex Y 3+ and 1365 cm -1 for complex Er 3+ confirming that both complexes are 1:1 electrolyte. Spectrum of the complex Y 3+ shows bands at 1540 and 1422 cm -1 (Δν = 118 cm -1 ) while complex Er 3+ exhibits bands at 1551 and 1423 cm -1 (Δν = 128 cm -1 ). These vibrations are assigned respectively to asymmetric νas(COO) and symmetric νs(COO) stretching vibrations of acetate group [25] . The difference between the frequencies of asymmetric and symmetric vibration (Δν = νas -νs) of the carboxylate group is a criterion often used to find the mode of coordination of the carboxylate group [26] . A value of Δν between 160 and 175 cm -1 is indicative of an ionic acetate group. A larger Δν value is obtained when the carboxylate group acts as monodentate fashion while a lower value of Δν indicates a bidentate chelating group. Considering the value of Δν in our complexes we can say that we are in the presence of a bidentate chelating acetate group [25] .
The electronic spectra of the ligand HL and its complexes of Y 3+ and Er 3+ were recorded in methanol. Three broad bands were observed on the spectrum of the ligand at absorption maxima of 310, 330 and 360 nm. The band at max = 310 nm is attributed to the transitions π-π* of the C=N-NH chromophore and the pyridine rings [27] . The bands at 330 and 360 nm are assigned to the n-π* transitions of the pyridine rings. Both spectra of the complexes are virtually identical. The bands observed in the spectrum of the ligand are slightly shifted to the low energies in the spectra of the complexes, consequence of the coordination of the nitrogen atoms of the pyridine ring and the azomethine atom of the C=N-NH chromophore. No further information is provided by the UV spectra of the reported complexes. The NMR spectrum of the free HL ligand was recorded from DMSO-d6. The aromatic protons of the pyridine rings exhibit signals of multiplets in the region 8.54 -6.52 ppm, while the H-N proton was located at 11.18 ppm. The H-C=N proton shows a singlet at 8.14 ppm. The total number of carbon atoms present in the HL Schiff base exhibited signals in their expected regions. The unique non-aromatic C=N carbon atom is located at ~140 ppm while the aromatic carbon atoms show signals in the range 106-156 ppm. Upon coordination all signals are very slightly shifted. These small shifts are probably due to the orbital involved in the bonds. In addition the spectra of the complexes show new broad signal at ~5 ppm attributable to protons of the water molecules. Signals due to the methyl groups of the acetate moieties are probably obscured by the intense signal of the DMSO-d6 solvent.
Structure description of Y 3+ and Er 3+ complex
Single-crystal X-ray diffraction analysis reveals that {[Ln(HL)(OAc)2(H2O)2]·NO3·H2O} (Ln = Y for complex Y 3+ and Er for complex Er 3+ ) complexes have similar structures. Perspective views of the complex Y 3+ and Er 3+ with the atomic labeling system are showed in Figure 1a and b, respectively. Both complexes crystallize in the triclinic crystal system with space group Pī. Each complex shows in asymmetric unit one nine-coordinated Ln 3+ ion with a distorted tricapped trigonal prism geometry as reported in Figure 2a and b. The lanthanide atom is coordinated by one azomethine nitrogen atom and two pyridine nitrogen atoms from the Schiff base HL ligand, four oxygen atoms from the two bidentate chelating acetate groups and two oxygen atoms from coordinated water molecules. The bonds lengths of Ln-N of the two complexes are Y1-N2 = 2.522(3) Å, Y1-N1 = 2.554(3) Å, Y1-N3 = 2.557(3) Å for complex Y 3+ and Er1-N1 = 2.507(3) Å, Er1-N3 = 2.540(3) Å, Er1-N2 = 2.543(3) Å for complex Er 3+ ( Table 2 ). The bond lengths of Er-N are little longer than those of Y-N. [28] and are longer than the value found for Yb-O lengths (2.378(2) Å) [29] . These observations can be correlated with the ions radii values of Sm 3+ (96 pm) and Yb 3+ (87 pm) which are respectively greater and smaller than those of Y 3+ (90 pm) and Er 3+ (89 pm). The Ln-Ow distances for complex Y 3+ and complex Er 3+ are in the range 2.316(2)-2.330(2) Å and are comparable to those found for mononuclear complexes of [Ln(L)(NO3)(H2O)] where H2L is 2,6-diacetylpyridine-bis-(benzoylhydrazone) [30] .
The nitrate anion acts as counter ion as found in the infrared study of the complexes. The environments of Y 3+ as well as Er 3+ are best described by a distorted tricapped trigonal prism geometry with the tree caps position occupied, in each complex, by two oxygen atoms from two chelating acetate moieties and the azomethine nitrogen atom of the tridentate ligand. The angles sum subtended by the three capping atoms at Y 3+ and Er 3+ are respectively 359.93° and 359.99°. The crystal structures are stabilized by intermolecular hydrogen bonds interactions resulting in three dimensional networks as shown in Figure 3 . The H-bond donors are the H-N of the hydrazine function and the H-O from both coordinated and uncoordinated water molecules while the acceptors are the free nitrate anion oxygen atoms, acetate oxygen atoms and oxygen atom of the uncoordinated water molecule (Table 3) .
Antioxidant activities study
The antioxidant activities of the ligand 1-(pyridin-2-yl)-2-(pyridine-2-ylmethylene)hydrazine and its two new mononuclear yttrium(III) and erbium(III) complexes have been studied. Percentage scavenging activities of the test samples are calculated as per standard procedure. The percentage antioxidant activity of the novel compounds compared with ascorbic acid (AA) is represented in Figure 4 . IC50 value of the ascorbic acid is 0.980±0.005 μM while the synthesized compounds scavenge the DPPH • radical with IC50 values of 82.38±0.01, 10.65±0.02 and 8.01±0.01 μM for the ligand HL and complexes Y 3+ and Er 3+ , respectively. These data imply that the ascorbic acid has a larger ability to scavenge the DPPH • than the HL ligand and its two Ln(III) complexes. In screening these results it becomes clear that the inhibitory effect of the ligand and its complexes increases rapidly with the concentration in the range 0-50 µM as shown in Figure 4 . The DPPH • inhibitory effect of the complexes is stronger than that of the ligand. Indeed, after the complexation, the metal bonded to the azomethine nitrogen atom of the chromophore group C=N-NH exerts an electron-draining effect which makes the N-H bond more polarized [31] . Therefore, the hydrogen atom of the N-H moiety will tend to more readily undergo the H-abstraction reaction to neutralize DPPH • to DPPH as shown in Scheme 2. The resulting radical complex is stabilized by the possibility of a strong delocalization of the single electron. 
Conclusion
The mononuclear complexes of the ligand HL are synthesized and characterized as {[Ln(HL)(OAc)2(H2O)2]· NO3·H2O}. The structures of these complexes are established by single-crystal X-ray diffraction showing similar kinds of coordination geometry for each lanthanide ion. In these complexes, the metal atoms are bonded to the ligand by two nitrogen atoms from two pyridine rings and the azomethine of the C=N-NH chromophore. They are also bound in bidentate fashion to two acetate groups. Two water molecules complete the sphere of coordination forming Ln(III) complexes with a coordination number of nine. The environment around the metal center is best described as a distorted tricapped trigonal prism. The antioxidant activities of the two mononuclear complexes are greater than that of the free ligand HL.
